well defined biphasic filling and emptying waves in subgroup IA, and irregular very low filling and emptying waves in subgroup lB. The ejection fraction of the left atrial appendage in subgroup IA was significantly better than that in subgroup lB (mean (SD) 40.6(12.0)% v 7-6(5-0)%, P < 0.0001). The spontaneous echo contrast was observed in 90% of subgroup 1B patients but in only 19% in subgroup lA (P < 0.05) and was not found in groups 2 and 3 (P < 0.0001). There was a trend for increased prevalence of spontaeous echo contrast in subgroup lA v group 2 (P = 0.053). Thrombi were detected in two cases, and cardiogenic embolism occurred in one case in subgroup lB. All patients with spontaneous echo contrast had ventricular pacing. Multivariate analysis showed that atrial fibrillation was associated with occurrence of spontaneous echo contrast in patients with ventricular pacing (P = 0.005).
Abstract
Objective-To determine the relations between left atrial appendage function, spontaneous echo contrast, and thromboembolism in patients with different modes of permanent pacemakers. Patients and methods-88 patients with pacemaker implatation and 25 healthy controls in sinus rhythm had transoesophageal echocardiographic examination of the left atrial appendage. Left atrial size, appendage area, peak filling and emptying velocities of the atrial appendage, and the presence or absence of spontaneous echo contrast and thromboembolism were determined. The results in 63 patients with ventricular pacing (group 1, subdivided into subgroup 1A: 42 patients with sinus rhythm, and subgroup IB: 21 patients with atrial fibrillation) were compared with those in 25 patients with synchronous pacing (group 2), and 25 normal control subjects (group 3).
Results-Patients with ventricular pacing had two distinct appendage flow patterns:
well defined biphasic filling and emptying waves in subgroup IA, and irregular very low filling and emptying waves in subgroup lB. The ejection fraction of the left atrial appendage in subgroup IA was significantly better than that in subgroup lB (mean (SD) 40 .6(12.0)% v 7-6(5-0)%, P < 0.0001). The spontaneous echo contrast was observed in 90% of subgroup 1B patients but in only 19% in subgroup lA (P < 0.05) and was not found in groups 2 and 3 (P < 0.0001). There was a trend for increased prevalence of spontaeous echo contrast in subgroup lA v group 2 (P = 0.053). Thrombi were detected in two cases, and cardiogenic embolism occurred in one case in subgroup lB. All patients with spontaneous echo contrast had ventricular pacing. Multivariate analysis showed that atrial fibrillation was associated with occurrence of spontaneous echo contrast in patients with ventricular pacing (P = 0.005).
Conclusions-The left atrial appendage ejection fraction was lower with ventricular pacing than with synchronous pacing. With ventricular pacing there was a trend towards increased prevalence of left atrial spontaneous echo contrast in patients in sinus rhythm, and a significantly increased prevalence in patients with atrial fibrillation. (2) to investigate the correlation between the incidence of left atrial spontaneous echo contrast phenomenon and different pacing modes.
Methods

PATIENTS
During a six month period, 92 patients with permanent pacemaker underwent transoesophageal echocardiographic examination. All patients were in sinus rhythm at the time of the pacemaker implantation. There was no pacemaker syndrome and no patients were taking oral anticoagulants. Patients with concomitant valvar disease were not included. Four patients were excluded because of the presence of persistent spontaneous rhythm at the time of echocardiographic study. Only paced beats were included for analysis at the time of echocardiographic study. The remaining 88 patients, with a mean age of 66-6 (SD 11 3) years (range 30 to 88; 50 men, 38 women), were prospectively studied. All patients underwent detailed electrophysiological study before pacemaker implantation. Indications for pacemaker implantation included sick sinus syndrome (n = 67) and complete atrioventricular block (n = 21). A VVI(R) pacemaker was implanted in 63 patients (ventricular group, group 1). The synchronous group (group 2) consisted of 25 patients with pacemaker types AAI (R) (n = 13), VDD (n = 2), and DDD (R) (n = 10). CAVB, complete atrioventricular block; SSS, sick sinus syndrome.
in subgroup 1B was significantly higher than in subgroup 1A and group 2, at 72-4 (7-1) v 66&4 (10 9) and 62-1 (12-9) (both P < 005).
The set heart rate of the pacemakers was significantly higher in group 2 than in subgroups 1A and 1B. The size of the left atrium was significantly greater in subgroup lB than in subgroups 1A and groups 2 and 3, at 46-3 (4-6) v 36-5 (3 5), 34-2 (3 2), and 34-8 (4 2) mm (all P < 0 05) (table 1) .
LEFT ATRIAL APPENDAGE
In all patients in subgroup 1A, the left atrial appendage flow revealed an organised biphasic flow pattern with a peak filling and emptying velocity (fig 2) . In contrast, all patients from subgroup 1B showed an irregular, very low peak filling and emptying velocity (fig 3) . Table 1 compares the left atrial appendage transoesophageal echocardiography parameters in the three groups. The maximum appendage areas were significantly larger in subgroup 1B than in subgroup 1A and group 2. More striking is the difference in the left atrial appendage ejection fraction, which was significantly reduced in subgroups IA and 1B. There were almost no visible appendage contractions in subgroup lB. There were no significant differences of the ejection fraction of the left atrial appendage detected by biplane transoesophageal echocardiography compared with multiplane transoesophageal echocardiography in subgroup 1A (41-2 (11-8) v 39 4 (12-4) %, NS) (table 1) . Two patterns of left atrial appendage flow were identified in group 1. In subgroup IA and groups 2 and 3, Doppler image revealed a biphasic flow pattern with a peak filling and emptying velocity. The a wave occurred after the P wave and the b wave followed the a wave. In contrast, patients from subgroup 1B showed irregular, very low peak filling veloci- (table 2) , as were the minimum and maximum atrial appendage areas (P < 0-001 and P = 002, respectively). The ejection fraction of the atrial appendage was lower in patients with echo contrast than in patients without (42-6 (14-6) v 15.5 (15-3) %, P < 0-0001). The peak filling and emptying velocities for all patients with echo contrast were lower than for patients without echo contrast (both P < 0-0001).
Although univariate analysis showed that older age, ventricular pacing, atrial fibrillation, left atrial size, and maximum/minimum areas and peak filling/emptying velocities of the left atrial appendage were significantly related to occurrence of spontaneous echo contrast (table 2) , multivariate analysis identified atrial fibrillation as the variable associated with a significantly increased risk of left atrial spontaneous echo contrast in patients with ventricular pacing (table 3) . The value of -2 log L (likelihood ratio test) compared with the full model was 3 00, df = 1 (P = NS). All patients with spontaneous echo contrast had ventricular pacing. Ventricular pacing was an independent determinant in the univariate analysis of spontaneous echo contrast.
Discussion
Our study is the first study to show that patients with ventricular pacing have a high prevalence of impaired left atrial appendage function and the spontaneous echo contrast phenomenon in the left atrium, especially in the subgroup with concomitant atrial fibrillation. For patients with ventricular pacing and sinus rhythm, there is a tendency toward an increased prevalence of spontaneous echo contrast, but this was not statistically significant (P = 0 053) because of the small number of patients in this subgroup (power = 0 45).
LEFT ATRIAL APPENDAGE
Left atrial appendage velocities and flow patterns vary according to rhythm.'4 In sinus rhythm, biphasic or quadriphasic clearly defined emptying and filling flows associated with appendage contraction and relaxation were observed. The a wave, representing forward flow towards the left atrial cavity, was associated with left atrial appendage contraction and began from the initial deflection of the P wave on the electrocardiogram. The b wave, representing retrograde flow toward the left atrial appendage, was associated with reexpansion of the left atrial appendage and began immediately after the a wave. Some patients with sinus rhythm had quadriphasic flow patterns in the left atrial appendage. The c and d waves are passive flows. The c wave, coinciding in timing with early mitral inflow, was associated with a pressure gradient between the left atrial appendage and the left ventricle on opening of the mitral valve. The d wave, occurring just after the c wave but before appendage contraction, indicated left atrial appendage filling during the diastolic period of mitral inflow. Because the c and d waves were significantly lower in velocity, they did not affect measurement of peak filling and emptying velocities.
In atrial fibrillation, a disorganised flow pattern and reduced velocities of emptying and filling flows are seen. Mugge et al7 meticulously divided patients with non-rheumatic atrial fibrillation into two subgroups on the basis of left atrial appendage function. One group had a high flow profile with high peak filling and emptying velocities of the left atrial appendage; the other had a low flow profile with very low peak filling and emptying velocities. Their results show that the incidence of spontaneous echo contrast was significantly increased in patients with low left atrial appendage flow than in those with high flow. Porte et all5 found that left atrial appendage contractile function was a predictor of spontaneous echo contrast. Because the appendage patterns were of the low flow profile type with impaired contractile function in our subgroup 1B, it was expected that there would be a high incidence of spontaneous echo contrast. Our results are consistent with previous studies8 1617 that patients with low flow profiles of the left atrial appendage have a high incidence of spontaneous echo contrast.
SPONTANEOUS ECHO CONTRAST AND THROMBUS FORMATION
The left atrial spontaneous echo contrast phenomenon was significantly more frequent in the ventricular group with atrial fibrillation. One study showed that patients with left atrial spontaneous echo contrast are 27 times more likely to have had a previous stroke or peripheral embolism than those without echo contrast.' 8 Daniel et al9 found that in patients with mitral valve disease, left atrial echo contrast was an independent predictor of left atrial thrombus and cardiogenic embolism. However, only one patient developed cerebral embolism in our study, although there was a higher prevalence of spontaneous echo contrast in the ventricular group. Because only surviving patients were examined and the loss of some patients with severe stroke cannot be ruled out, the real incidence of thromboembolism is probably higher than shown by our study.
MULTIVARIATE PREDICTORS OF SPONTANEOUS ECHO CONTRAST
In this study population, atrial fibrillation was significantly associated with left atrial spontaneous echo contrast in patients with ventricular pacing. The left atrial size, underlying sick sinus syndrome, and left atrial appendage parameters were not predictors of spontaneous echo contrast in patients with ventricular pacing. These results agree with previous observations7 11 , that atrial fibrillation is associated with an increased risk of developing spontaneous echo contrast. However, the relation between ventricular pacing and spontaneous echo contrast has not previously been reported. Our results showed that there was a prevalence of spontaneous echo contrast in patients with ventricular pacing: 19% in patients with preserved atrial activity and 90% in patients with atrial fibrillation. One explanation for the high prevalence of spontaneous echo contrast is that ventricular pacing results in a dilated left atrium'9 and relatively reduced cardiac output. 20 Conditions favouring stasis of left atrial blood, including left atrial enlargement and low cardiac output, were associated with left atrial spontaneous echo contrast. Therefore ventricular pacing, even with sinus rhythm, was associated with a trend towards the occurrence of spontaneous echo contrast.
CLINICAL IMPLICATIONS
The effect of ventricular pacing and atrial fibrillation on left atrial appendage function and left atrial spontaneous echo contrast suggests a hidden benefit of synchronous pacing. Left atrial spontaneous echo contrast is a phenomenon that usually appears in regions of blood stasis including an enlarged left atrium, as in this study; however, the mechanism of this phenomenon remains unclear. The pathogenesis of spontaneous echo contrast is complex and includes not only the velocity or shear rate of local blood flow but also factors such as abnormalities of blood components. Siegel et al2 suggested that rouleaux formation of erythrocytes and increased level of serum fibrinogen may be responsible. However, Erbel et al22 found increased platelet aggregation in all their patients. Mahony et al23 reported a patient with left ventricular spontaneous echo contrast despite heparin treatment, in whom platelet aggregates were detected in the peripheral blood. Complete spontaneous echo contrast resolution was noted after five days of antiplatelet treatment. Sasaki et al24 significantly reduced the incidence of stroke by using anticoagulants in patients with ventricular pacing. Thus further studies are warranted comparing the therapeutic value of anticoagulant and antiplatelet drugs in paced patients with spontaneous echo contrast.
STUDY LIMITATIONS
This study has limitations. First, it was not randomised. The selection of pacemaker modes depended on patient age, the preference of primary cardiologists, and the cost. Second, the number of patients with ventricular pacing and sinus rhythm was small, which precluded any definite conclusion about the relation between ventricular pacing and spontaneous echo contrast. Third, estimation of the ejection fraction of the left atrial appendage can be influenced by movement of the transoesophageal probe, which will affect the echo plane in which the atrial appendage is evaluated and may cause overestimation or underestimation of the appendage ejection fraction. However, this did not seem to be a problem because this variable was averaged over a minimum of five cardiac cycles in patients with atrial fibrillation and over three cardiac cycles in those in sinus rhythm. Fourth, the rarity of thromboembolic events in this series of patients precluded a definite correlation between systemic embolism and the proposed mechanism involved in thromboembolism in patients with ventricular pacing. Fifth, the presence or absence of spontaneous echo contrast is subjective. However, interpretations were by two experienced cardiologists and any differences were resolved by consensus, so we feel there was little likelihood of misinterpretation. Finally, although some basic clinical variables were not considered in the multivariate analysis, this will not affect the conclusions because all variables with a P value < 005 in univariate analysis were considered. Values of X2 for covariates compared with the full model were used to check the differences of -2 log L of various models and to select the optimum model for interpretation.
CONCLUSIONS
Patients with ventricular pacing had a decreased ejection fraction of the left atrial appendage compared with patients with synchronous pacing. With ventricular pacing, there was a trend towards increased prevalence of left atrial spontaneous echo contrast in patients in sinus rhythm, and a significantly high prevalence in patients with atrial fibrillation.
